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Abstract. Ontology integration is the problem of combining data sources
in the Semantic Web. Concepts in source ontologies are captured in terms
of concepts defined in a global ontology. When some of these ontologies
are inconsistent, the knowledge engineer often has no authority to correct
them. In this article we show how to perform local-as-view integration
of possibly inconsistent ontologies in terms of Defeasible Logic Program-
ming.
1 Introduction
The Semantic Web [1] (SW) is a vision of the Web where resources have exact
meaning assigned in terms of ontologies [2], thus enabling agents to reason about
them. Ontologies in the SW are defined in the OWL language, whose underly-
ing semantics is based on the Description Logics (DL) [3], for which specialized
reasoners exist [4]. Description Logic Programming (DLP) is an alternative ap-
proach to reason with DL ontologies that proposes translating them into the lan-
guage of logic programming (LP) [5]. Although DLP offers several advantages in
terms of efficiency and reuse of existing LP tools (such as Prolog environments),
that approach is incapable of reasoning in the presence of inconsistent ontologies.
Thus we have developed a framework called δ-ontologies [6] for reasoning with
inconsistent DL ontologies based on Defeasible Logic Programming (DeLP) [7].
As the World Wide Web is constituted by a variety of information sources,
in order to extract information from such sources, their semantic integration
and reconciliation is required [8]. Indeed, reuse of existing ontologies is often not
possible without considerable effort. When one wants to reuse different ontolo-
gies together, those ontologies have to be combined in some way. This can be
done by integrating the ontologies, which means that they are merged into a
single new ontology, or the ontologies can be kept separate. In both cases, the
ontologies have to be aligned, which means that they have to be brought into
mutual agreement [9]. A particular source of inconsistency is related to the use
of imported ontologies when the knowledge engineer has no authority to correct
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them, and as these imported ontologies are usually developed independently,
their combination could also result in inconsistencies. One kind of such integra-
tion is known as local-as-view (LAV) integration [8], where concepts of the local
ontologies are mapped to queries over a global ontology.
In this article, we present an approach for modeling LAV ontology integration
when the involved ontologies can be potentially inconsistent. The ontologies are
expressed in the language of DL but we give semantics to them in terms of
DeLP. The alignments between the local and global ontologies are expressed
as DL inclusion axioms that are also interpreted as DeLP sentences. As the
ontologies are potentially inconsistent, a dialectical analysis is performed on the
interpretation of both the ontologies and the mappings from the local to the
global ontology.
The rest of this paper is structured as follows. In Section 2 we present the
fundamentals of Description Logics and Defeasible Logic Programming along
with a brief introduction to the δ-ontologies framework for reasoning with pos-
sibly inconsistent ontologies. In Section 3, we extend δ-ontologies for performing
local-as-view integration. Finally Section 4 concludes the paper.
2 Knowledge Representation and Reasoning with
δ-Ontologies
2.1 Fundamentals of Description Logics and Defeasible Logic
Programming
Description Logics (DL) [3] are a family of knowledge representation formalisms
based on the notions of concepts (unary predicates, classes) and roles (binary
relations) that allow to build complex concepts and roles from atomic ones. Let
C,D stand for concepts, R for a role and a, b for individuals. Concept descrip-
tions are built from concept names using the constructors conjunction (C uD),
disjunction (CunionsqD), complement (¬C), existencial restriction (∃R.C), and value
restriction (∀R.C). To define the semantics of concept descriptions, concepts are
interpreted as subsets of a domain of interest, and roles as binary relations over
this domain. Further extensions are possible including inverse (P−) and tran-
sitive (P+) roles. A DL ontology consists of two finite and mutually disjoint
sets: a Tbox which introduces the terminology and an Abox which contains facts
about particular objects in the application domain. Tbox statements have the
form C v D (inclusions) and C ≡ D (equalities), where C and D are (possibly
complex) concept descriptions. Objects in the Abox are referred to by a finite
number of individual names and these names may be used in two types of as-
sertional statements: concept assertions of the type a : C and role assertions of
the type 〈a, b〉 : R.
Defeasible Logic Programming (DeLP) [7] provides a language for knowledge
representation and reasoning that uses defeasible argumentation [10] to decide
between contradictory conclusions through a dialectical analysis. In a DeLP pro-
gram P = (Π,∆), a set ∆ of defeasible rules P −≺ Q1, . . . , Qn, and a set Π of
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strict rules P ← Q1, . . . , Qn can be distinguished. An argument 〈A, H〉 is a min-
imal non-contradictory set of ground defeasible clauses A of ∆ that allows to
derive a ground literal H possibly using ground rules of Π. Since arguments may
be in conflict (concept captured in terms of a logical contradiction), an attack
relationship between arguments can be defined. Generalized specificity [11] is
the criterion used to decide between two conflicting arguments. If the attacking
argument is strictly preferred over the attacked one, then it is called a proper
defeater. If no comparison is possible, or both arguments are equi-preferred, the
attacking argument is called a blocking defeater. In order to determine whether a
given argument A is ultimately undefeated (or warranted), a dialectical process
is recursively carried out, where defeaters for A, defeaters for these defeaters,
and so on, are taken into account. The answer to a query H w.r.t. a DeLP pro-
gram P takes such dialectical analysis into account and can be one of yes, no,
undecided, or unknown.
2.2 Reasoning with Inconsistent DL Ontologies in DeLP
In the presence of inconsistent ontologies, traditional DL reasoners (such as
Racer [4]) issue an error message and stop further processing. Thus, the bur-
den of repairing the ontology (i.e., making it consistent) is on the knowledge
engineer. In a previous work [12], we showed how DeLP can be used for coping
with inconsistencies in ontologies such that the task of dealing with them is au-
tomatically solved by the reasoning system. We recall some of the concepts for
making this article self-contained.
Definition 1 (δ-Ontology). Let C be an Lb-class, D an Lh-class, A,B Lhb-classes,
P,Q properties, a, b individuals. Let T be a set of inclusion and equality sentences in
LDL of the form C v D, A ≡ B, > v ∀P.D, > v ∀P−.D, P v Q, P ≡ Q, P ≡ Q−,
or P+ v P such that T can be partitioned into two disjoint sets TS and TD. Let A
be a set of assertions disjoint with T of the form a : D or 〈a, b〉 : P . A δ-ontology Σ
is a tuple (TS , TD, A). The set TS is called the strict terminology (or Sbox), TD the
defeasible terminology (or Dbox) and A the assertional box (or Abox).
Example 1. Consider the δ-ontology Σ1 = (T 1S , T 1D, A1) presented in Fig. 1. The strict
terminology T 1S says that somebody who is checking mail uses a web browser. The
defeasible terminology T 1D expresses that those who study usually pass exams, someone
who is sitting at a computer is normally studying unless he is web surfing, those who do
not study usually do not pass, if someone is using a web browser then he is presumably
web surfing unless he is reading Javadoc documentation. The set A1 asserts that it is
known that John, Paul and Mary are sitting at a computer; Paul is using a browser;
finally, Mary is also checking mail and reading Javadoc documentation. Notice that the
traditional (in the sense of [3]) DL ontology (T 1S∪T 1D, A1) is incoherent since somebody
who both sits at a computer and web surfs then belongs both to the “Studies” concept
and to its complement, rendering the concept empty.
For assigning semantics to a δ-ontology we defined two translation functions
T∆ and TΠ from DL to DeLP based on the work of [5]. The basic premise for
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Strict terminology T 1S:
Checks web mail v Uses browser
Defeasible terminology T 1D:
Studies v Pass
Sits at computer v Studies
Sits at computer uWeb surfing v ¬Studies
¬Studies v ¬Pass
Uses browser v Web surfing
Uses browser u Reads javadoc v ¬Web surfing
Assertional box A1:
JOHN : Sits at computer
PAUL : Sits at computer
PAUL : Uses browser
MARY : Sits at computer
MARY : Checks web mail
MARY : Reads javadoc
Fig. 1. Ontology Σ1 = (T
1
S , T
1
D, A
1)
achieving the translation of DL ontologies into DeLP is based on the observation
that a DL inclusion axiom “C v D” is regarded as a First-Order Logic statement
“(∀x)(C(x) → D(x)),” which in turn is regarded as a Horn-clause “d(X) ←
c(X).”1 Naturally “CuD v E” is treated as “e(X)← c(X), d(X).” Lloyd-Topor
transformations are used to handle special cases as conjunctions in the head of
rules and disjunctions in the body of rules; so “C v Du E” is interpreted as two
rules “d(X)← c(X)” and “e(X)← c(X)” while “CunionsqD v E” is transformed into
“e(X) ← c(X)” and “e(X) ← d(X).” Likewise axioms of the form “∃r.C v D”
are treated as “d(X) ← r(X,Y ), c(Y ).” Dbox axioms are treated as defeasible
and are transformed using the T∆ function (e.g., T∆(C v D) is interpreted as
d(X) −≺ c(X)); Sbox axioms are considered strict and are transformed using TΠ
(e.g., TΠ(C v D) is interpreted as {(d(X) ← c(X)), (∼c(X) ← ∼d(X))}).2
Abox assertions are always considered strict (e.g., TΠ(a : C) is regarded as a fact
c(a) and TΠ(〈a, b〉 : r) as r(a, b)). Formally:
Definition 2 (Interpretation of a δ-ontology). Let Σ = (TS , TD, A) be a δ-
ontology. The interpretation of Σ is a DeLP program P = (TΠ(TS)∪TΠ(A), T∆(TD)).
Notice that in order to keep consistency within an argument, we must enforce
some internal coherence between the Abox and the Tbox; namely given a δ-
ontology Σ = (TS , TD, A), it must not be possible to derive two complementary
literals from TΠ(TS) ∪ TΠ(A). We recall how we interpret the reasoning task of
instance checking [3, p. 19] in δ-ontologies:
Definition 3 (Potential, justified and strict membership of an individ-
ual to a class). Let Σ = (TS , TD, A) be a δ-ontology, C a class name, a an individual,
and P = (TΠ(TS) ∪ TΠ(A), T∆(TD)).
1. The individual a potentially belongs to class Ciff there exists an argument 〈A, C(a)〉
w.r.t. P;
2. the individual a justifiedly belongs to class Ciff there exists a warranted argument
〈A, C(a)〉 w.r.t. P, and,
1 Following standard logic programming notation, in DeLP rules we note constant
and predicate names with an initial lowercase and variable names with an initial
uppercase.
2 The function TΠ computes transposes of rules to allow for the application of modus
tollens.
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3. the individual a strictly belongs to class Ciff there exists an argument 〈∅, C(a)〉
w.r.t. P.
Example 2 (Continues Ex. 1). Consider again the δ-ontology Σ1, which is inter-
preted as the DeLP program P1 according to Def. 2 as shown in Fig. 2. From P1, we can
determine that John justifiedly belongs to the concept Pass in Σ1 as there exists a war-
ranted argument structure 〈A1, pass(john)〉 that says that John will pass the exam as
he studies (because he sits at a computer), whereA1 = {(pass(john) −≺ studies(john)),
(studies(john) −≺ sits at computer(john))}.We cannot reach a decision w.r.t. the mem-
bership of Paul to the concept “Pass” because there are two arguments attacking each
other, so the answer to the query pass(paul) is undecided. Formally, there exist two
arguments 〈B1, pass(paul)〉 and 〈B2,∼pass(paul)〉, where:
B1 =
{
(pass(paul) −≺ studies(paul)),
(studies(paul) −≺ sits at computer(paul))
}
, and
B2 =

(∼pass(paul) −≺ ∼studies(paul)),
(∼studies(paul) −≺ sits at computer(paul),web surfing(paul)),
(web surfing(paul) −≺ uses browser(paul))
 .
In the case of Mary’s membership to Pass, there is an argument 〈C1, pass(mary)〉.
that has two defeaters, 〈C2,∼pass(mary)〉 and 〈C3,∼ studies(mary)〉, which are both
defeated by 〈C4,∼web surfing(mary)〉, where:
C1 =
{
(pass(mary) −≺ studies(mary)),
(studies(mary) −≺ sits at computer(mary))
}
,
C2 =
{∼pass(mary) −≺ ∼studies(mary)} ∪ C3,
C3 =
{
(∼studies(mary) −≺ sits at computer(mary),web surfing(mary)),
(web surfing(mary) −≺ uses browser(mary))
}
, and
C4 =
{
(∼web surfing(X) −≺ uses browser(mary), reads javadoc(mary)),
(uses browser(mary) −≺ checks web mail(mary))
}
.
Therefore, Mary belongs justifiedly to the concept “Pass” as the literal pass(mary) is
warranted. The dialectical trees for the three queries are depicted graphically in Fig. 3.3
3 Local-as-View Integration of δ-Ontologies
Data integration is the problem of combining data residing at different sources,
and providing the user with a unified view of those data [13]. There are two
main approaches to data integration called global-as-view (GAV) and local-as-
view (LAV). In the LAV approach, we assume we have a global ontology G, a set
S of local/source ontologies, and the mapping between the global and the local
ontologies is given by associating to each term in the local ontologies a view VG
over the global ontology [8, Sect. 4]. The intended meaning of associating with
a term C in S a view VG over G is that such a view represents the best way
3 In a dialectical tree nodes are labeled as either defeated (D) or undefeated (U).
Leaves are always labeled as undefeated; a node is labeled as undefeated iff all of its
children are labeled as defeated, otherwise a node is labeled as defeated.
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DeLP program P1 = (Π1, ∆1) obtained from Σ1:
Facts and strict rules Π1:
sits at computer(john). sits at computer(paul).
uses browser(paul). sits at computer(mary).
checks web mail(mary). reads javadoc(mary).
uses browser(X) ← checks web mail(X). ∼checks web mail(X) ← ∼uses browser(X).
Defeasible rules ∆1:
pass(X) −≺ studies(X).
studies(X) −≺ sits at computer(X).
∼studies(X) −≺ sits at computer(X),web surfing(X).
∼pass(X) −≺ ∼studies(X).
web surfing(X) −≺ uses browser(X).
∼web surfing(X) −≺ uses browser(X), reads javadoc(X).
Fig. 2. DeLP program P1 interpreting ontology Σ1
〈B1, pass(paul)〉D
〈B2,∼pass(paul)〉U
〈B2,∼pass(paul)〉D
〈B1, pass(paul)〉U
〈C1, pass(mary)〉U
〈C3,∼studies(mary)〉D
〈C4,∼web surfing(mary)〉U
〈C2,∼pass(mary)〉D
〈C4,∼web surfing(mary)〉U
Fig. 3. Dialectical analyses for queries pass(paul) and pass(mary)
to characterize the instances of C using the concepts in G. The correspondence
between C and the associated view can be sound (all the individuals satisfying C
satisfy VG), complete (if no individual other than those satisfying C satisfies VG ,
and/or exact (the set of individuals that satisfy C is exactly the set of individuals
that satisfy VG).
In the GAV and LAV approaches to data integration, the queries w.r.t. the
target ontology are reformulated w.r.t. the sources. Hasse & Motik [14] (referring
to [13]) explain that in the GAV systems the problem is simply reduced to
unfolding the views, since the reformulation is explicit in the mappings. In the
LAV case, the problem requires more complex reasoning steps as in the case of
sound mappings is not clear how to reformulate the concepts of a source ontology
in terms of a global ontology. Therefore, in this work, we will restrict the case
of LAV integration to complete views.
Definition 4 (Ontology integration system). An ontology integration system
I is a triple (G,S,M) where:
– G is a global ontology expressed as a δ-ontology over an alphabet AG.
– S is a set of n source ontologies S1, . . . ,Sn expressed as δ-ontologies over alphabets
AS1 , . . . ,ASn , resp. Each alphabet ASi includes a symbol for each concept or role
name of the source Si, i = 1, . . . , n.
– M is a set of n mappings M1, . . . ,Mn between G and S1, . . . ,Sn, resp. Each
mapping Mi is constituted by a set of assertions of the form qSi v qG, where qG
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and qSi are queries of the same arity defined over the global ontology G and Si,
i = 1, . . . , n, resp. Queries qG are expressed over alphabet AG and queries qSi are
expressed over alphabet ASi . The sets M1, . . . ,Mn are called bridge ontologies.
An ontology integration system will be interpreted as a DeLP program.
Definition 5 (Interpretation of an ontology integration system). Let
I = (G,S,M) be an ontology integration system such that S = {S1, . . . ,Sn} and
M = {M1, . . . ,Mn}, where G = (TGS , TGD, AG); Si = (TSiS , TSiD , ASii ), and, Mi =
(TMiS , T
Mi
D ), with i = 1, . . . , n. The system I is interpreted as the DeLP program
IDeLP = (Π,∆), with:
Π =
(TΠ(TGS ) ) ∪ (TΠ(AG) ) ∪ (⋃ni=1 TΠ(TSiS ) ) ∪ (⋃ni=1 TΠ(TMiS ) ) , and
∆ =
(T∆(TGD) ) ∪ (⋃ni=1 T∆(TSiD ) ) ∪ (⋃ni=1 T∆(TMiD ) ) .
Possible inferences in the integrated ontology IDeLP are modeled by means
of a dialectical analysis in the DeLP program that is obtained when each DL sen-
tence of the ontology is mapped into DeLP clauses. Thus conclusions supported
by warranted arguments will be the valid consequences that will be obtained
from the original ontology, provided the strict information in IDeLP is consis-
tent. Formally:
Definition 6 (Potential, justified and strict membership of individuals
to concepts in ontology integration systems). Let I = (G,S,M) be an
ontology integration system. Let a be an individual name, and C a concept name defined
in G.
1. Individual a is a potential member of C iff there exists an argument A for the
literal C(a) w.r.t. DeLP program IDeLP .
2. Individual a is a justified member of C iff there exists a warranted argument A
for the literal C(a) w.r.t. DeLP program IDeLP .
3. Individual a is an strict member of C iff there exists an empty argument for the
literal C(a) w.r.t. DeLP program IDeLP .
We will illustrate the above notions with an example. Notice that we label a
concept C with the name of the ontology Si to which it belongs (as in Si : C)
following the XML name-space convention.
Example 3. Let us consider the problem of assigning reviewers for papers. In Fig. 4,
we present a global ontology G3 interpreted as: a professor with a postgraduate degree
can be a reviewer; someone should not be a reviewer unless they are either a professor
or have a graduate degree; however, a professor, despite not having a postgraduate
degree, is accepted as a reviewer if he is an outstanding researcher. We also present
local ontologies L1 and L2. L1 expresses that John is a professor who has a PhD, Paul
is also a professor but has neither a PhD nor a MSc, Mary just has a MSc, and Steve
is not a professor but has a MSc. The mapping ML1,G expresses that the terms MSc
and PhD from local ontology L1 are contained in the term postgraduated in the global
ontology, and that someone have neither a MSc nor a PhD is not a postgraduate.
Ontology L2 expresses that a is an article, b a book, c a chapter and that Paul has
published a, b and c. The mapping ML2,G expresses that the view corresponding to
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the individuals who have published an article, a chapter and a book corresponds to the
set of outstanding researchers.
The interpretation of above ontologies in DeLP yields the code presented in Fig. 5.
We show next the dialectical analyses that have to be performed to compute the jus-
tified membership of John, Paul, Mary and Steve to the concept “Reviewer” w.r.t. the
ontology integration system (G, {L1,L2}, {ML1,G ,ML2,G}).
The individual John is a justified member of the concept “Reviewer” because the
argument 〈A, reviewer(john)〉 has no defeaters and is thus warranted (see Fig. 6.(a)),
with:
A =
{
(reviewer(john) −≺ postgrad(john), prof (john)),
(postgrad(john) −≺ phd(john))
}
.
In Paul’s case, we conclude that he is a possible reviewer as he is also a justified
member of the concept “Reviewer.” Notice that Paul is a potential member of the
concept “¬Reviewer” as there is an argument 〈B1,∼reviewer(paul)〉, with:
B1 =
{
(∼reviewer(paul) −≺ ∼postgrad(paul)),
(∼postgrad(paul) −≺ ∼msc(paul),∼phd(paul))
}
.
However, we see that there is another argument 〈B2, reviewer(paul)〉 that defeats B1,
where:
B2 =

(reviewer(paul) −≺ prof (paul),∼postgrad(paul), outstanding(paul)),
(outstanding(paul) −≺ published(paul , a), article(a),
published(paul , b), book(b), published(paul , c), chapter(c)),
(∼postgrad(paul) −≺ ∼msc(paul),∼phd(paul))
 .
As B2 is undefeated, we conclude that the literal reviewer(paul) is warranted (see
Fig. 6.(b)-(c)).
Steve is not a reviewer as he is a justified member of the concept “¬Reviewer” (see
Fig. 6.(d)). In this case, there exists a unique (undefeated) argument 〈C,∼reviewer(steve)〉.
On the other hand, it is not possible to assess Mary’s membership to the concept
“Reviewer” as no arguments for reviewer(mary) nor ∼reviewer(mary) can be built.
4 Conclusions
We have presented an approach for performing local-as-view integration of De-
scription Logic ontologies when these ontologies can be potentially inconsistent.
We have adapted the notion of ontology integration system of [8] for making it
suitable for the δ-ontology framework, presenting both formal definitions and a
case study. We offer several advantages over previous efforts (such as [8, 14]) as
our proposal is capable of dealing with inconsistent ontologies. This work also
presents a difference with previous works of ours (such as [15, 12]) as those works
focused on the problem of global-as-view integration of ontologies. Despite this
advancement, the proposed approach is only useful in the case of complete map-
pings, and therefore the case for local-as-view integration with sound and exact
mappings remains as an open problem and is part of our current research efforts.
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Global ontology G3 = (∅, TGD, ∅):
TGD =
{
Prof u Postgrad v Reviewer; ¬Postgrad unionsq ¬Prof v ¬Reviewer;
Prof u ¬Postgrad u Outstanding v Reviewer
}
Local ontology L1 = (∅, ∅, AL1 ):
AL1 =
{
JOHN : Prof; JOHN : Phd; PAUL : Prof; PAUL : ¬Msc;
PAUL : ¬Phd; MARY : Msc; STEVE : ¬Prof; STEVE : Msc
}
Mapping ML1,G between L1 and G3:
ML1,G =
{L1 : Msc unionsq L1 : Phd v G : Postgrad;
L1 : ¬Msc u L1 : ¬Phd v G : ¬Postgrad
}
Local ontology L2 = (∅, ∅, AL2 ):
AL2 =
{
a : Article; b : Book; c : Chapter;
〈PAUL, a〉 : published; 〈PAUL, b〉 : published; 〈PAUL, c〉 : published
}
Mapping ML2,G between L2 and G3:
ML2,G =
{L2 : (∃published.Article u ∃published.Book u ∃published.Chapter) v G : Outstanding }
Fig. 4. LAV ontology integration system
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DeLP program (∅, ∆G) obtained from G3:
∆G =

reviewer(X) −≺ postgrad(X), prof (X).
∼reviewer(X) −≺ ∼postgrad(X).
∼reviewer(X) −≺ ∼prof(X).
reviewer(X) −≺ prof (X),∼postgrad(X), outstanding(X).

DeLP program P1 = (ΠL1 , ∅) obtained from L1:
ΠL1 =
{
prof (john). phd(john). prof (paul). ∼msc(paul).
∼phd(paul). msc(mary). ∼prof (steve). msc(steve).
}
Mapping ML1,G expressed in DeLP:
∆L1,G =
G : postgrad(X)
−≺ L1 : msc(X).
G : postgrad(X) −≺ L1 : phd(X).
∼G : postgrad(X) −≺ ∼L1 : msc(X),∼L1 : phd(X).

DeLP program P2 = (ΠL2 , ∅) obtained from L2:
ΠL2 =
{
article(a). book(b). chapter(c).
published(paul, a). published(paul, b). published(paul, c).
}
Mapping ML2,G expressed in DeLP:
∆L2,G =
G : outstanding(X)
−≺ L2 : published(X,Y ),L2 : article(Y ),
L2 : published(X,Z),L2 : book(Z),
L2 : published(X,W ),L2 : chapter(W ).

Fig. 5. Ontologies G3, L1 and L2 expressed in DeLP
〈A, reviewer(john)〉U
〈B1,∼reviewer(paul)〉D
〈B2, reviewer(paul)〉U 〈B2, reviewer(paul)〉U 〈C,∼reviewer(steve)〉U
(a) (b) (c) (d)
Fig. 6. Dialectical trees for reviewer(john), reviewer(paul) and reviewer(steve)
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